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&	 Cadena,	 2010;	 Robinson,	 Brawn,	 &	 Robinson,	 2000)	 and	 inver-
tebrates	 (Lamarre,	 2015;	 Mezger	 &	 Pfeiffer,	 2011).	 Medium-	 and	






Species	 composition	 and	diversity,	 because	 they	present	 com-
plementary	views	on	assemblage	structure	(Condit	et	al.,	2002),	are	
two	commonly	studied	emergent	properties	in	community	ecology	
(Morin,	 2011).	 With	 regard	 to	 these	 properties,	 most	 ecologists	
agree	 on	 the	 main	 structuring	 processes	 (dispersal	 limitation,	 en-
vironmental	filtering,	etc.)	 (Cornell	&	Harrison,	2014),	but	opinions	
about	 their	 relative	 importance	vary.	Regarding	vertebrate	assem-
blages,	 the	most	obvious	model	 is	 that	physical	 (e.g.,	 temperature)	
and	biological	conditions	 (e.g.,	vegetation	composition)	directly	 in-
fluence	animal	populations	as	they	provide	habitat	requirements	and	










Both	 assemblage	 composition	 and	 diversity	 may	 be	 assessed	
with	 various	 metrics	 (taxonomic,	 functional	 or	 phylogenetic)	 de-
pending	 on	 the	 ecological	 process	 of	 interest.	 Taxonomic	metrics	
can	 be	 used	 to	 identify	 hotspots	 and	 threatened	 assemblages	 in	
conservation	planning	 (Margules	&	Pressey,	2000).	However,	 they	
do	not	explicitly	account	for	species’	ecological	differences.	These	
can	 be	 assessed	 using	 both	 functional	 and	 phylogenetic	 metrics.	
Functional	 metrics	 capture	 the	 functional	 strategy	 within	 assem-
blages	(de	Bello	et	al.,	2013;	Luck,	Lavorel,	Mcintyre,	&	Lumb,	2012),	
and	 how	 these	 assemblages	 may	 respond	 to	 changes	 in	 environ-
mental	 conditions.	 Incorporating	 functional	 traits	 allows	us	 to	de-
fine	species	assemblages	in	terms	of	resource	acquisition,	dispersal	
capacity	 and	 reproduction	 strategy	 (Cornwell,	 Schwilk,	 &	 Ackerly,	
2006;	Kraft	et	al.,	2015;	McGill,	Enquist,	Weiher,	&	Westoby,	2006).	
Functional	metrics	differ	from	phylogenetic	metrics,	as	phylogenetic	









Because	 of	 their	 often	 high-	trophic	 position,	 large	 vertebrate	
assemblages	 capture	 the	 cumulative	 effects	 of	 many	 basic	 eco-




Wilkie,	 Bennett,	 Peres,	 &	 Cunningham,	 2011).	 Geomorphology	
has	 emerged	 as	 the	 best	 environmental	 predictor	 of	 large	 verte-
brate	 abundance,	 composition	 and	 diversity	 (taxonomic	 metrics)	
of	Guianan	 terra firme	 (unflooded)	 rain	 forests	 (Denis	 et	al.,	 2016;	
Richard-	Hansen	 et	al.,	 2015).	 Geomorphology	 probably	 keeps	 the	




Historical	 events	 (fire,	 habitat	 fragmentation,	 climate	 change,	
etc.),	 species	 dispersal	 limitation	 and	 even	 interspecific	 interac-
tions	 (e.g.,	 competition)	 may	 lead	 to	 purely	 spatial	 signal	 shaping	
species	 assemblage	 structure	 (Borcard,	 Legendre,	 Avois-	Jaquet,	 &	
Tuomisto,	 2004;	Couteron	&	Ollier,	 2005).	 The	 climatic	 history	 of	
South	 America,	 which	 experienced	 a	 series	 of	 rapid	 environmen-




(floristic	 characteristics)	 and	 Tardy	 (1998)	 (palaeoecological	 stud-
ies).	 Recent	 studies	 have	 increasingly	 been	 in	 favour	 of	 these	 pu-
tative	refugia	(Boisselier-	Dubayle,	Leblois,	Samadi,	Lambourdière,	&	
Sarthou,	2010;	Dutech,	Maggia,	Tardy,	Joly,	&	Jarne,	2003;	Noonan	




In	 this	 study,	 we	 focused	 on	 assemblages	 of	 19	 large	 verte-
brates	from	21	sampling	sites	across	undisturbed	Guianan	terra firme 
rain	 forests.	We	 investigated	 the	 importance	 of	 (a)	 environmental	
conditions,	 especially	 biological	 conditions,	 on	 functional	 and/or	
phylogenetic	 composition,	 under	 the	 hypothesis	 that	 assemblage	
composition	 depends	 on	 functional	 traits	 related	 to	 biological	 re-
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events,	on	functional	and/or	phylogenetic	diversity,	if	some	assem-















2.2 | Modelling species population abundance










This	 hierarchical	 model	 allows	 inferences	 to	 be	 drawn	 about	 the	
number	 of	 groups	 per	 area	 unit.	 Species	 abundance	 (individuals/
km2)	was	obtained	by	multiplying	the	estimated	number	of	groups	




























Each	 species’	 population	 density	 was	 estimated	 separately.	
Empirical	 Bayes	methods	were	 used	 to	 infer	 the	 intrinsic	 popula-











2.3 | Physical and biological environmental 





tor.	 Topographical	 descriptors	 were	 obtained	 for	 each	 landform	
unit	based	on	a	recent	geomorphological	landform	map	generated	
from	 full-	resolution	 Shuttle	 Radar	 Topography	Mission	 (SRTM;	 1	
arc	 sec	~30	m)	data.	Then,	 at	 the	 site	 level,	MSlo	 (mean	slope	of	




For	 the	biological	conditions,	all	 fine-	resolution	descriptors	of	 for-
est	 structure	 and	 botanical	 composition	were	 collected	 from	 120	
0.2	ha	 (100	×	20	m)	quadrats	on	the	3–4	 individual	3-	km	transects	
(left	 panel	 of	 Figure	1)	 over	 a	 period	 of	 1	month	 before	 conduct-
ing	species	counts.	tfg	 (Mean	size	of	tree-	fall	gaps)	was	calculated	
to	 reflect	 the	 forest	dynamic	 regime.	Eut	 (density	of	Euterpe	 spp.)	
was	used	 to	 represent	 swamp	 forests	 that	are	 interspersed	 in	 the	
landscape.	Five	covariates	were	calculated	from	the	dominant	tree	
family	abundance,	which	reflect	tree	beta	diversity	patterns	across	
French	 Guiana	 at	 different	 spatial	 extents	 (Guitet,	 Pélissier,	 et	al.,	
2015).	lEcy-	caES	(abundance	of	Lecythidaceae	and	Caesalpinioideae;	
northwestern	 regional	 pattern),	 which	 was	 negatively	 correlated	
with	 BurS-	MiMo	 (abundance	 of	 Burseraceae	 and	 Mimosoideae;	
southeastern	 regional	 pattern),	lEcy	 (abundance	of	 Lecythidaceae;	
north-	eastern	 subregional	 pattern)	 and	 caES	 (Caesalpinioideae;	
eastern-	southwestern-	northwestern	 subregional	 patterns),	 which	
expressed	tree	dominance	at	intermediate	spatial	extents	(<150	km),	
and chr-	Sap	 (abundance	 of	 Chrysobalanaceae	 and	 Sapotaceae)	 at	






(Ollivier,	 Baraloto,	 &	 Marcon,	 2007)	 and	 van	 Roosmalen	 (1985)’s	











first	 ranked	 spatial	 predictors	 representing	 the	 broadest	 spatial	
structure	of	 the	 study	area.	All	 spatial	predictors	are	orthogonal	
(i.e.,	uncorrelated	with	each	other).	Calculations	were	made	with	
the	r	package	PCNM	(Legendre,	Borcard,	Blanchet,	&	Dray,	2013).
2.4 | Functional traits and phylogeny
Functional	 traits	 were	 chosen	 to	 their	 links	 to	 resource	 acquisi-
tion	and	dispersal	 capacity	of	vertebrate	 species.	We	used	 seven	
functional	traits	(Table	1).	SiZE	(body	size),	MaSS	(body	mass),	grpSiZE 
(mean	group	size)	and	hr	(size	of	home	range)	(which	are	relatively	
correlated)	 can	 be	 influenced	 by	 the	 quantity	 of	 resources	 avail-
able,	and	can	impact	ecosystem	function,	for	example	through	seed	
dispersion.	 SiZE and MaSS	 were	 correlated	with	 extinction	 risk	 to	












As	we	did	 not	 have	 a	 dated	phylogenetic	 tree,	 and	 given	 that	
Ricotta,	Godefroid,	Heathfield,	and	Mazzoleni	 (2013)	showed	that	
diversity	 calculated	 with	 dated	 phylogeny	 was	 highly	 correlated	
with	diversity	calculated	 from	taxonomic	classification	 trees,	phy-
logeny	was	inferred	from	traditional	taxonomic	trees.	We	used	the	
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following	 taxonomic	 levels	 to	 calculate	 phylogenetic	 distance	 be-
tween	species:	class,	order,	family	and	genus	(order	and	family	lev-
els	 in	Table	2),	and	to	build	phylogenetic	trees:	two	species	of	the	




2.5 | Assemblage composition: Partitioning 
variance between environmental conditions and 
spatial predictors
Redundancy	analyses	(RDA)	were	implemented	to	assess	the	effects	
of	 environmental	 (physical	 and	 biological)	 conditions	 and	 spatial	
predictors	(geographic	distances)	on	the	taxonomic,	functional	and	
Acronyms Variables Median 90% range Units
MaSS Body	mass 3.0 0.48–20.16 kg
SiZE Body	size 0.5 0.28–0.99 m
Hr Size	of	home	range 100.0 2.8–650 ha




fruitS Frugivory/Granivory 68.3 24.6–97.51 %










Order/family Species Dind. 90% range SD
Primates
Atelidae Alouatta macconnelli 6.21 3.76–14.37 3.93
Ateles paniscus 3.24 0.89–6.88 2.23
Cebidae Sapajus [Cebus] apella 11.77 2.37–22.72 6.13
Cebus olivaceus 1.81 0.5–4.85 1.49
Saguinus midas 4.60 1.03–9.63 2.89
Saimiri sciureus 0.32 0.31–21.22 6.73
Pitheciidae Pithecia pithecia 0.23 0.21–0.46 0.16
Artiodactyla
Cervidae Mazama americana 1.03 0.17–1.96 0.60
Mazama nemorivaga 1.27 0.43–2.21 0.64
Tayassuidae Pecari tajacu 2.80 1.92–4.94 1.73
Rodentia
Dasyproctidae Dasyprocta leporina 3.78 1.53–7.22 1.99
Myoprocta acouchy 2.36 1.33–5.75 1.37
Carnivora
Mustelidae Eira barbara 0.63 0.56–0.66 0.04
Galliformes
Cracidae Crax alector 2.68 1.52–7.43 1.95
Penelope marail 1.19 0.75–1.49 0.28
Gruiformes
Odontophoridae Odontophorus gujanensis 3.66 0.65–9.31 6.87
Psophiidae Psophia crepitans 17.08 6.88–37.58 10.31
Tinamiformes
Tinamidae Tinamidae 11.83 4.98–20.72 5.09
Testudines





abundance	in	Guianan	terra firme rain 
forests	at	21	survey	sites	across	French	
Guiana	(Guiana	Shield)











2007)	 and	 the	phylogenetic	 composition	matrix	was	calculated	by	
multiplying	 the	 abundance	 matrix	 with	 the	 phylogenetic	 distance	
matrix.
For	 each	 composition	matrix,	 we	 ran	 a	 RDA	which	were	 con-
strained	independently	by	each	of	the	three	covariate	groups,	that	
is	the	physical	covariates,	the	biological	covariates	and	the	distance-	
based	 Moran’s	 eigenvectors	 (spatial	 predictors).	 We	 then	 imple-





(9,999	 permutations).	Multivariate	 analyses	were	 conducted	 using	
the	r	packages	ade4 and vegan	(Dray	&	Dufour,	2007;	Oksanen	et	al.,	
2016).
2.6 | Taxonomic, functional and phylogenetic 
alpha and beta diversities






Information	 Figure	 S5.1;	 Marcon,	 Scotti,	 Hérault,	 Rossi,	 &	 Lang,	
2014).	Alpha	and	beta	entropies	were	calculated	for	q	=	2	(equivalent	
to	 the	Simpson	 index)	 and	were	 then	 transformed	 into	equivalent	
numbers	(Marcon	&	Hérault,	2015a)	to	get	diversity	indices.	We	in-
corporated	traits-	based	and	phylogeny-	based	trees	(bottom	left	and	
right	on	Supporting	 Information	Figure	S5.1,	 respectively)	 to	com-
pute	functional	and	phylogenetic	alpha	and	beta	entropies,	and	then	
corresponding	diversity	 indices	 (Pavoine	&	Bonsall,	2011;	Pavoine,	
Love,	 &	 Bonsall,	 2009).	 Calculations	 were	 conducted	 using	 the	 r 
package	entropart	(Marcon	&	Hérault,	2015b).
Diversity	 indices	were	 regressed	against	each	of	 the	 three	co-
variate	groups	using	a	Gaussian	linear	model.	We	then	implemented	
a	 forward	 Akaike	 information	 criterion	 (AIC)-	based	 selection,	 and	
partial	multiple	regressions	were	used	to	partition	and	test	the	vari-





Finally,	 we	 tested	 whether	 the	 putative	 forest	 refugia	 could	
explain	 the	observed	patterns	of	diversities.	Refugia	 areas	 (darker	
green	area	of	left	panel	of	Figure	2a)	were	the	consensus	of	the	most	






























marbled	wood-	quail	 (Odontophorus gujanensis),	 Tinamidae	 and	 the	






alpha	diversity	 varied	more	 strongly	 than	 functional	 and	phyloge-
netic	 alpha	 diversities.	 Taxonomic,	 functional	 and	 phylogenetic	
beta	diversities	varied	in	similar	ways	(Supporting	Information	Table	




3.3 | Covariate effects on assemblage composition
Biological	conditions	covariates	differed	among	sites,	and	high-
lighted	 the	 environmental	 heterogeneity	 throughout	 French	
Guiana	 (Table	3	 and	 Supporting	 Information	Appendix	 S4).	 The	
selected	 covariates	 explained	 no	more	 than	 a	 quarter	 of	 taxo-
nomic	 composition	 variation	 (Adj.R2	=	21.2%,	 p	=	0.003,	 n	=	9,	
21	sites;	Figure	4a)	and	did	not	explain	 the	 functional	and	phy-
logenetic	 metrics	 (Adj.R2	=	7.1%	 and	 8.8%,	 p	=	0.24	 and	 0.10,	
n	=	6	 and	 2,	 respectively;	 Supporting	 Information	 Figure	 S7.1).	
Taxonomic	 composition	 was	 best	 explained	 by	 environmental	
conditions	(Adj.R2	=	15%,	p	=	0.004),	with	physical	and	biological	
components	having	equivalent	effects	(Adj.R2	=	10%	and	10.7%,	




the	 second	 axis	 (r	=	0.82	 and	 −0.81,	 respectively;	 Figure	5a–b).	
On	 the	 first	 axis,	 the	 species	 mostly	 positively	 related	 to	 the	
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3.4 | Covariate effects on assemblage diversities
3.4.1 | Alpha diversity
In	 contrast	 to	 composition,	 the	 selected	 covariates	 explained	 a	
significant	 part	 of	 variation	 in	 alpha	 diversity,	 particularly	 for	 the	
phylogenetic	 metric	 (Adj.R2	=	35.5%,	 p	=	0.006,	 n	=	4,	 21	 sites;	
Figure	4b),	 with	 close	 values	 for	 the	 taxonomic	 and	 functional	
metrics	 (Adj.R2	=	28.4%	 and	 26%,	 p	=	0.01	 and	 0.03,	 n	=	3	 and	 4,	









(Adj.R2	=	36.1,	p	=	0.002,	n	=	3,	 21	 sites;	 Figure	4c),	 taxonomic	 and	
functional	metrics	(Adj.R2	=	35.3%	and	34.6%,	p	=	0.003	and	0.007,	
n	=	3	 and	4,	 respectively;	 Supporting	 Information	Figure	S7.1).	 The	
spatial	predictors,	dbMEM	1	and	dbMEM	2,	were	 the	most	 impor-
tant	covariates	for	the	phylogenetic	(Adj.R2	=	36.1%,	p	=	0.01),	taxo-
nomic	 (Adj.R2	=	35.3%,	 p	=	0.002)	 and	 functional	 (Adj.R2	=	36.8%,	
p	=	0.008)	metrics.	Physical	and	biological	conditions	had	no	or	little	
effect	 irrespective	of	the	metrics:	 taxonomic	 (no	effect),	 functional	
(Adj.R2	=	8%,	p	=	0.028)	and	phylogenetic	(no	effect).
3.4.3 | Spatial patterns of diversities
For	 both	 alpha	 and	 beta	 diversities,	 the	 largest	 (dbMEM	 1	 and	
dbMEM	2)	spatial	covariates	are	the	best	predictors	(Table	4),	with	
similar	 effects	 irrespective	 of	 the	 metrics	 (same	 signs	 of	 model-	
averaged	 parameter	 estimates;	 Table	4).	 Thus,	 effects	 of	 spatial	
predictors	 (dbMEM	1,	dbMEM	2	and	dbMEM	4	to	a	 lesser	extent)	
reveal	 that	diversities	 are	 strongly	 spatially	 structured,	but	not	by	
the	 effects	 of	 environmental	 conditions.	 Autocorrelation	 tests	 on	

















19.11 17.34–21.74 0.09 m2 F(20,2393)	=	224.9/12.2	=	18.4;	p < 0.001
tBa Tree	basal	area 23.47 20.41–26.24 0.1 m2/ha F(20,2385)	=	623.6/44.7	=	13.9;	p < 0.001
LEcy-	CaES Lecythidaceae	and	
Caesalpinioideae
49.55 18.38–73.87 0.44 Stem/ha F(20,2393)	=	2,078.1/30.1	=	69;	p < 0.001
BurS-	MiMo Burseraceae	and	
Mimosoideae
3.57 3.16–3.94 0.09 Stem/ha F(20,2393)	=	783.3/13.4	=	58.5;	p < 0.001
LEcy Lecythidaceae 3 2.05–3.75 0.19 Stem/ha F(20,2393)	=	669.9/12.8	=	52.1;	p < 0.001
CaES Caesalpinioideae 24.27 6.44–44.19 0.5 Stem/ha F(20,2393)	=	730.2/17.2	=	42.4;	p < 0.001
ChrySo-	Sapo Chrysobalanaceae	and	
Sapotaceae
28.53 8.59–67.72 0.52 Stem/ha F(20,2393)	=	1,534.5/19.6	=	78.4;	
p < 0.001









14.6 7.1–21.5 0.3 °
WEt Mean	wetness	index 28 20–48 0.31 %
ElEv Mean	elevation 139.79 55.12–372.37 0.63 m
Rain Annual rainfall 2,700 2,300–3,400 0.13 mm








4.1 | Current environment slightly shapes large 
vertebrate assemblage composition




(~25%;	Richard-	Hansen	 et	al.,	 2015).	 Physical	 conditions	 are	 often	




functional	 or	 phylogenetic	 structure	of	 the	 studied	 vertebrate	 as-
semblages	 (Kleyer	et	al.,	 2012).	 In	 fact,	 the	 range	of	physical	 (e.g.,	
soil,	climate)	conditions	is	probably	not	high	enough	to	strongly	af-
fect	Guianan	vertebrate	assemblages	as	a	whole	(Guitet	et	al.,	2013).
With	 respect	 to	 biological	 conditions,	 abundance	 of	
Chrysobalanaceae	 and	 Sapotaceae	 were	 the	 best	 predictors	 of	
large	 vertebrate	 assemblage	 composition	 (Figure	5).	 These	 two	
families	 encompass	 the	 most	 common	 trees	 species	 in	 the	 area	
and	 represent	 on	 average	 a	 third	 of	 zoochorous	 species	 across	
sites	 (mean	±	SD:	 30.2%	 ±	 15.4%).	 Large	 variations	 in	 the	 abun-
dance	of	Chrysobalanaceae	and	Sapotaceae	make	these	two	fam-
ilies	 important	 foraging	 resources	which	potentially	shape	animal	
population	distribution	for	several	species	(see	Results).	However,	
functional	 metrics	 failed	 to	 find	 relationships	 between	 diet	 (fru-
givory/granivory)	 traits	 and	 density	 of	 zoochorious	 trees/palms	
(Figure	5d-e).	 Furthermore,	 the	 phylogenetic	 metric	 predicts	 as-








The	apparent	 low	predictability	of	 the	 functional	and	phyloge-
netic	indices	could	be	due	to	biotic	interactions	such	as	competition,	



















and	spatial	predictors:	**	p < 0.010;	*	p < 0.050; p < 0.100	and	NS	=	not	significant	[Colour	figure	can	be	viewed	at	wileyonlinelibrary.com]








Crax alector	(Linnaeus,	1766);	Col:	Cebus olivaceus	(Schomburgk,	1848);	Dle:	Dasyprocta leporina	(Linnaeus,	1758);	Eba:	Eira barbara	(Linnaeus,	
1758);	Gde:	Geochelone denticulata	(Linnaeus,	1766);	Man:	Mazama americana	(Erxleben,	1777);	Mne:	Mazama nemorivaga	(F.	Cuvier,	1817);	
Mac:	Myoprocta acouchy	(Erxleben,	1777);	Ogu:	Odontophorus gujanensis	(Gmelin,	1789);	Pcr:	Psophia crepitans	(Linnaeus,	1758);	Pma:	
Penelope marail	(Müller,	1776);	Ppi:	Pithecia pithecia	(Linnaeus,	1766);	Pta:	Pecari tajacu	(Linnaeus,	1758);	Sap:	Sapajus [Cebus] apella	(Linnaeus,	
1758);	Smi:	Saguinus midas	(Linnaeus,	1758);	Ssc:	Saimiri sciureus	(Linnaeus,	1758);	Tin:	Tinamidae.	Eut: Euterpe	spp.	density;	tBa:	tree	basal	
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or	 spatial	 variables	 (Borcard	 et	al.,	 2004).	 The	 lack	 of	 correlation	





4.2 | Physical and biological conditions fail to 
explain diversities
Environmental	 parameters	 do	 not	 influence	 the	 diversity,	 which	
is	 in	sharp	contrast	to	numerous	studies	of,	 for	example,	 tropical	
ants	or	tree	communities	in	Borneo	(Mezger	&	Pfeiffer,	2011;	Slik	
et	al.,	2009).	Our	 results	 showed	no	 relationships	between	alpha	
diversities	and	the	amount	of	resources	(e.g.,	density	of	zoochori-






regularity	 (a	 component	 of	 alpha	 diversity)	 should	 be	 positively	
correlated	 with	 total	 ecosystem	 biomass,	 because	 of	 increasing	

































Annual rainfall ✓ +(0.18) −(0.17)
Spatial	covariates
dbMEM	1 ✓ ✓ +(1) +(1) +	(0.67) −	(1) −	(0.99) −	(1)
dbMEM	2 ✓ −(0.21) −(0.8) −	(1) +	(0.48) +	(1) +	
(0.81)
dbMEM	3 −	(0.3)
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Regarding	 results	 on	 habitat	 heterogeneity,	 neither	 tree	 diam-
eter	 heterogeneity	 nor	 mean	 size	 of	 tree-	fall	 gap	 could	 be	 used	
as	 a	 proxy	 of	 habitat	 dynamics.	 Structurally	 complex	 habitats	 are	





represented	 in	 publications	 in	 comparison	 with	 negative	 and	 null	
results	(Tews	et	al.,	2004).
4.3 | Hypotheses to explain spatially structured 
diversities







their	 movements.	 Large	 rivers	 in	 Guyana	 and	 Brazilian	 Amazonia	






Guiana’s	 largely	 spatial	 driven	 diversity	 patterns	 (Condit	 et	al.,	
2002)	on	the	broad	scale.	In	addition	to	climate	change,	several	long	
drought-	associated	fire	events	in	the	Holocene	have	been	recorded	
in	 French	 Guiana	 (Charles-	dominique	 et	al.,	 1998;	 Tardy,	 1998).	
Putative	refugia	were	located	in	the	higher	elevations	of	northern	
and	central	French	Guiana	and	have	already	been	shown	to	shape	
taxonomic	 and	 allelic	 diversities	 (Boisselier-	Dubayle	 et	al.,	 2010;	




could	 have	 played	 a	 key	 role	 in	 differences	 of	 diversity	 inside	 or	
outside	of	refugia.	Disturbance	 intensity	could	have	been	hetero-
geneously	 spatially	 distributed,	 leading	 to	 isolated	 vertebrate	 as-
semblages	evolving	into	unique	species	assemblages	in	more	stable	
habitats,	 which	 translates	 today	 into	 high	 beta	 diversity	 values	
inside	 refugia	 (Figure	3d–f).	Outside	of	 refugia,	past	disturbances	
(successive	 phases	 of	 forest	 regression	 and	 recolonization)	 could	






result	 only	 from	 location,	 either	within	or	without	 former	 refugia.	
These	 diversity	 patterns,	 combined	 with	 the	 weaker	 effects	 on	




Our	 results	 highlight	 the	 fact	 that	 different	 spatial	 arrange-
ment	of	conservation	effort	could	result	from	the	choice	of	con-
servation	 planning	 metrics	 and	 the	 statement	 of	 conservation	










gram),	the	Parc Amazonien de Guyane,	the	Office	National	des	Forêts	
(ONF)	and	the	CNRS	Nouragues	program.	TD	&	BH	are	supported	
by	a	grant	from	the	Investing	for	the	Future	program,	managed	by	
the	 French	 National	 Research	 Agency	 (labex	 CEBA,	 ref.	 ANR-	10-	
LABX-	0025).	 We	 are	 very	 grateful	 to	 all	 participants	 in	 transect	
surveys	(including	ONF	staff	and	passionate	volunteers).	We	thank	




Thomas Denis  http://orcid.org/0000-0002-2778-834X 
R E FE R E N C E S
Badgley,	C.,	&	Fox,	D.	 L.	 (2000).	 Ecological	 biogeography	of	Northern	
American	mammals:	Species	density	and	ecological	structure	in	re-
lation	to	environmental	gradients.	Journal of Biogeography, 27, 1437–
1467.	https://doi.org/10.1046/j.1365-2699.2000.00498.x
Barthe,	 S.,	 Binelli,	 G.,	 Hérault,	 B.,	 Scotti-Saintagne,	 C.,	 Sabatier,	 D.,	
&	 Scotti,	 I.	 (2017).	 Tropical	 rainforests	 that	 persisted:	 Inferences	
from	 the	Quaternary	 demographic	 history	 of	 eight	 tree	 species	 in	







birds:	 Chance	 or	 evolutionary	 predisposition	 ?	 Proceedings of the 
Royal Society of London B: Biological Sciences, 264,	401–408.	https://
doi.org/10.1098/rspb.1997.0057
Boisselier-Dubayle,	 M.	 C.,	 Leblois,	 R.,	 Samadi,	 S.,	 Lambourdière,	 J.,	 &	
Sarthou,	 C.	 (2010).	 Genetic	 structure	 of	 the	 xerophilous	 brome-
liad	 pitcairnia	 geyskesii	 on	 inselbergs	 in	 French	 guiana	 –	 a	 test	 of	
     |  1557DENIS Et al.
the	 forest	 refuge	 hypothesis.	 Ecography, 33,	 175–184.	 https://doi.
org/10.1111/j.1600-0587.2009.05446.x
Borcard,	 D.,	 &	 Legendre,	 P.	 (2002).	 All-	scale	 spatial	 analysis	 of	 eco-
logical	 data	 by	 means	 of	 principal	 coordinates	 of	 neighbour	 ma-
trices.	 Ecological Modelling, 153,	 51–68.	 https://doi.org/10.1016/
S0304-3800(01)00501-4









Cavender-Bares,	 J.,	 Kozak,	 K.	 H.,	 Fine,	 P.	 V.	 A.,	 &	 Kembel,	 S.	
W.	 (2009).	 The	 merging	 of	 community	 ecology	 and	 phylo-
genetic	 biology.	 Ecology Letters, 12,	 693–715.	 https://doi.
org/10.1111/j.1461-0248.2009.01314.x
Chandler,	R.	B.,	Royle,	 J.	A.,	&	King,	D.	 I.	 (2011).	 Inference	about	den-
sity	and	temporary	emigration	in	unmarked	populations.	Ecology, 92, 
1429–1435.	https://doi.org/10.1890/10-2433.1





scale	biodiversity	of	the	south-	western	USA.	Journal of Biogeography, 
31,	1125–1138.	https://doi.org/10.1111/j.1365-2699.2004.00981.x
Condit,	R.,	Pitman,	N.,	Leigh,	E.G.,	Chave,	J.,	Terborgh,	J.,	Foster,	R.B.,	…	
Hubbell,	S.P.	 (2002).	Beta-	diversity	 in	tropical	forest	trees.	Science, 
295,	666–669.	https://doi.org/10.1126/science.1066854
Cornell,	H.	V.,	&	Harrison,	S.	P.	(2014).	What	are	species	pools	and	when	are	
they	important?	Annual Review of Ecology Evolution and Systematics, 45, 
45–67.	https://doi.org/10.1146/annurev-ecolsys-120213-091759
Cornwell,	 W.	 K.,	 Schwilk,	 D.	 W.,	 &	 Ackerly,	 D.	 D.	 (2006).	 A	 trait-	
based	 test	 for	 habitat	 filtering:	 Convex	 hull	 volume.	 Ecology, 87, 
1465–1471.	 https://doi.org/10.1890/0012-9658(2006)87[146
5:ATTFHF]2.0.CO;2
Cottenie,	 K.	 (2005).	 Integrating	 environmental	 and	 spatial	 processes	
in	 ecological	 community	 dynamics.	 Ecology Letters, 8, 1175–1182. 
https://doi.org/10.1111/j.1461-0248.2005.00820.x
Couteron,	P.,	&	Ollier,	S.	(2005).	A	generalized,	variogram-	based	frame-
work	 for	 multi-	scale	 ordination.	 Ecology, 86,	 828–834.	 https://doi.
org/10.1890/03-3184
Denis,	 T.,	 Hérault,	 B.,	 Jaouen,	 G.,	 Brunaux,	 O.,	 Guitet,	 S.,	 &	 Richard-
Hansen,	C.	(2016).	Black	Curassow	habitat	relationships	in	terra	firme	
forests	 of	 the	 Guiana	 Shield:	 A	 multiscale	 approach.	 The Condor: 
Ornithological Applications, 118,	 253–273.	 https://doi.org/10.1650/
CONDOR-15-28.1
Denis,	 T.,	 Richard-hansen,	 C.,	 Brunaux,	 O.,	 Guitet,	 S.,	 &	 Hérault,	 B.	
(2017).	Biological	traits	rather	than	environmental	conditions	shape	
detection	probability	curves	of	medium-	and	large-	sized	vertebrates	
in	 neotropical	 rainforests.	 Ecological Applications, 27, 1564–1577. 
https://doi.org/10.1002/eap.1549
Dray,	 S.,	 &	 Dufour,	 A.	 B.	 (2007).	 The	 ade4	 package:	 Implementing	
the	 duality	 diagram	 for	 ecologists.	 Journal of Statistical Software, 
22,	https://www.jstatsoft.org/article/view/v022i04
Dray,	S.,	Pélissier,	R.,	Couteron,	P.,	Fortin,	M.	J.,	Legendre,	P.,	Peres-Neto,	
P.	R.,	…	Wagner,	H.	 (2012).	Community	ecology	 in	 the	age	of	mul-
tivariate	multiscale	spatial	analysis.	Ecological Monographs, 82, 257–
275.	https://doi.org/10.1890/11-1183.1










Statistical Software, 43, 1–23.
Fortunel,	C.,	Paine,	C.	E.	T.,	Fine,	P.	V.	A.,	Kraft,	N.	J.	B.,	&	Baraloto,	C.	
(2013).	Environmental	factors	predict	community	functional	compo-




ties	in	West	Polynesia.	Journal of Biogeography, 40,	988–999.	https://
doi.org/10.1111/jbi.12038
Fritz,	S.	A.,	Bininda-Emonds,	O.	R.	P.,	&	Purvis,	A.	(2009).	Geographical	
variation	 in	 predictors	 of	 mammalian	 extinction	 risk:	 Big	 is	 bad,	
but	 only	 in	 the	 tropics.	 Ecology Letters, 12,	 538–549.	 https://doi.
org/10.1111/j.1461-0248.2009.01307.x
Garnier,	 E.,	 Lavorel,	 S.,	 Ansquer,	 P.,	 Castro,	 H.,	 Cruz,	 P.,	 Dolezal,	 J.,	 …	
Zarovali,	 M.	 P.	 (2007).	 Assessing	 the	 Effects	 of	 land-	use	 change	
on	 plant	 traits,	 communities	 and	 ecosystem	 functioning	 in	 grass-
lands:	A	standardized	methodology	and	lessons	from	an	application	
to	 11	 European	 sites.	 Annals of Botany, 99,	 967–985.	 https://doi.
org/10.1093/aob/mcl215
Gaston,	K.	J.,	&	Blackburn,	T.	M.	(1995).	Birds,	body	size	and	the	threat	of	
extinction.	Philosophical Transactions of the Royal Society B: Biological 
Sciences, 347,	205–212.	https://doi.org/10.1098/rstb.1995.0022
Gómez,	J.	P.,	Bravo,	G.	A.,	Brumfield,	R.	T.,	Tello,	J.	G.,	&	Cadena,	C.	D.	
(2010).	A	phylogenetic	 approach	 to	disentangling	 the	 role	of	 com-
petition	and	habitat	filtering	in	community	assembly	of	Neotropical	
forest	 birds.	 Journal of Animal Ecology, 79,	 1181–1192.	 https://doi.
org/10.1111/j.1365-2656.2010.01725.x
Graham,	 C.	 H.,	 &	 Fine,	 P.	 V.	 A.	 (2008).	 Phylogenetic	 beta	 diver-
sity:	 Linking	 ecological	 and	 evolutionary	 processes	 across	
space	 in	 time.	 Ecology Letters, 11,	 1265–1277.	 https://doi.
org/10.1111/j.1461-0248.2008.01256.x
de	Granville,	 J.	 J.	 (1982).	 Rain	 forest	 and	 xeric	 flora	 refuges	 in	 French	




(South	America).	Journal of Maps, 9(3),	325–335.	https://doi.org/10.1
080/17445647.2013.785371
Guitet,	 S.,	 Hérault,	 B.,	Molto,	 Q.,	 Brunaux,	 O.,	 &	 Couteron,	 P.	 (2015).	
Spatial	structure	of	above-	ground	biomass	limits	accuracy	of	carbon	
mapping	in	rainforest	but	 large	scale	forest	 inventories	can	help	to	
overcome. PLoS ONE, 10,	 e0138456.	 https://doi.org/10.1371/jour-
nal.pone.0138456
Guitet,	 S.,	 Pélissier,	 R.,	 Brunaux,	O.,	 Jaouen,	G.,	&	 Sabatier,	D.	 (2015).	
Geomorphological	 landscape	 features	 explain	 floristic	 patterns	 in	
French	 Guiana	 rainforest.	Biodiversity and Conservation, 24, 1215–
1237.	https://doi.org/10.1007/s10531-014-0854-8
Guitet,	S.,	Sabatier,	D.,	Brunaux,	O.,	Couteron,	P.,	Denis,	T.,	Freycon,	
V.,	 …	 Vincent,	 G.	 (2018).	 Disturbance	 regimes	 drive	 the	 diver-
sity	 of	 regional	 floristic	 pools	 across	 Guianan	 rainsforest	 land-
scapes.	 Scientific Reports, 8,	 3872.	 https://doi.org/10.1038/
s41598-018-22209-9
Haffer,	 J.	 (1970).	 Art-	Entstehung	 bei	 einigen	Waldvögeln	Amazoniens.	
Journal für Ornithologie, 111(3/4),	285–331.	https://doi.org/10.1007/
BF01653396
Hardy,	 O.	 J.,	 Couteron,	 P.,	 Munoz,	 F.,	 Ramesh,	 B.	 R.,	 &	 Pélissier,	 R.	
(2012).	Phylogenetic	 turnover	 in	 tropical	 tree	communities:	 Impact	
of	 environmental	 filtering,	 biogeography	 and	 mesoclimatic	 niche	
1558  |     DENIS Et al.
conservatism.	 Global Ecology and Biogeography, 21, 1007–1016. 
https://doi.org/10.1111/j.1466-8238.2011.00742.x
Haugaasen,	 T.,	 &	 Peres,	 C.	 A.	 (2005).	 Primate	 assemblage	 structure	
in	 amazonian	 flooded	 and	 unflooded	 forests.	 American Journal of 
Primatology, 67,	243–258.	https://doi.org/10.1002/(ISSN)1098-2345
Hérault,	 B.	 (2007).	 Reconciling	 niche	 and	 neutrality	 through	 the	
Emergent	Group	approach.	Perspectives in Plant Ecology, Evolution and 
Systematics, 9,	71–78.	https://doi.org/10.1016/j.ppees.2007.08.001
Kleyer,	 M.,	 Dray,	 S.,	 Bello,	 F.,	 Lep,	 J.,	 Pakeman,	 R.	 J.,	 Strauss,	 B.,	 …	
Lavorel,	 S.	 (2012).	 Assessing	 species	 and	 community	 functional	
responses	 to	 environmental	 gradients:	 Which	 multivariate	 meth-
ods?	 Journal of Vegetation Science, 23,	 805–821.	 https://doi.
org/10.1111/j.1654-1103.2012.01402.x
Kraft,	 N.	 J.	 B.,	 &	 Ackerly,	 D.	 D.	 (2010).	 Functional	 trait	 and	 phylo-
genetic	 tests	 of	 community	 assembly	 across	 spatial	 scales	 in	 an	
Amazonian	forest.	Ecological Monographs, 80,	401–422.	https://doi.
org/10.1890/09-1672.1
Kraft,	N.	 J.	B.,	Adler,	P.	B.,	Godoy,	O.,	 James,	E.,	Fuller,	S.,	&	Levine,	 J.	
M.	(2015).	Community	assembly,	coexistence,	and	the	environmen-
tal	 filltering	metaphor.	Functional Ecology, 29,	 592–599.	https://doi.
org/10.1111/1365-2435.12345
Lamarre,	G.	P.	A.	 (2015).	Taxonomic	and	 functional	 composition	of	 ar-
thropod	as	semblages	across	contrasting	Amazonian	forests.	Journal 
of Animal Ecology, 85, 227–239.
Legendre,	 P.,	 Borcard,	 D.,	 Blanchet,	 F.	 G.,	 &	 Dray,	 S.	 (2013).	 Package 
PCNM: MEM spatial eigenfunction and principal coordinate analyses. 
Retrieved	from	https://r-forge.r-project.org/
Lehman,	 S.	 M.	 (2004).	 Distribution	 and	 diversity	 of	 primates	
in	 Guyana:	 Species	 area	 relationships	 and	 riverine	 barri-
ers.	 International Journal of Primatology, 25,	 73–95.	 https://doi.
org/10.1023/B:IJOP.0000014646.82182.51
Leprieur,	 F.,	 Tedesco,	 P.	 A.,	 Hugueny,	 B.,	 Beauchard,	 O.,	 Dürr,	 H.	 H.,	
Brosse,	 S.,	 &	 Oberdorff,	 T.	 (2011).	 Partitioning	 global	 patterns	 of	
freshwater	 fish	 beta	 diversity	 reveals	 contrasting	 signatures	 of	




system	services.	 Journal of Animal Ecology, 81,	 1065–1076.	https://
doi.org/10.1111/j.1365-2656.2012.01974.x
Marcon,	 E.,	 &	 Hérault,	 B.	 (2015a).	 Decomposing	 phylodiver-
sity.	 Methods in Ecology and Evolution, 6,	 333–339.	 https://doi.
org/10.1111/2041-210X.12323
Marcon,	 E.,	 &	 Hérault,	 B.	 (2015b).	 Entropart.	 Journal of Statistical 
Software, 67, 1–26.
Marcon,	 E.,	 Scotti,	 I.,	 Hérault,	 B.,	 Rossi,	 V.,	 &	 Lang,	 G.	 (2014).	








community	 ecology	 from	 functional	 traits.	 Trends in Ecology and 
Evolution (Personal edition), 21,	 178–185.	 https://doi.org/10.1016/j.
tree.2006.02.002
Mezger,	 D.,	 &	 Pfeiffer,	 M.	 (2011).	 Partitioning	 the	 impact	 of	 abi-
otic	 factors	 and	 spatial	 patterns	 on	 species	 richness	 and	
community	 structure	 of	 ground	 ant	 assemblages	 in	 four	
Bornean	 rainforests.	 Ecography, 34,	 39–48.	 https://doi.
org/10.1111/j.1600-0587.2010.06538.x
Mokany,	 K.,	 Ferrier,	 S.,	 Connolly,	 S.	 R.,	 Dunstan,	 P.	 K.,	 Fulton,	 E.	 A.,	
Harfoot,	M.	B.,	…	Wintle,	B.	A.	(2014).	Integrating	modelling	of	biodi-
versity	composition	and	ecosystem	function.	Oikos, 125, 10–19.














The	 role	 of	 forest	 structure,	 fragment	 size	 and	 corridors	 in	main-
taining	 small	 mammal	 abundance	 and	 diversity	 in	 an	 Atlantic	 for-
est	 landscape.	 Biological Conservation, 124,	 253–266.	 https://doi.
org/10.1016/j.biocon.2005.01.033
Pavoine,	 S.,	&	Bonsall,	M.	B.	 (2011).	Measuring	biodiversity	 to	explain	
community	 assembly:	 A	 unified	 approach.	 Biological Reviews, 86, 
792–812.	https://doi.org/10.1111/j.1469-185X.2010.00171.x
Pavoine,	S.,	Love,	M.	S.,	&	Bonsall,	M.	B.	(2009).	Hierarchical	partition-




Peres,	 C.	 A.	 (1999).	 General	 guidelines	 for	 standardizing	 line-	transect	
surveys	of	tropical	forest	primates.	Neotropical Primates, 7, 11–16.
Peres,	C.	A.,	Emilio,	T.,	Schietti,	J.,	Desmoulière,	S.	J.	M.,	&	Levi,	T.	(2016).	
Dispersal	 limitation	 induces	 long-	term	 biomass	 collapse	 in	 over-








of	medium-	 to	 large-	bodied	vertebrates	 in	undisturbed	 terra	 firme	
forests	 of	 French	Guiana.	 Journal of Tropical Ecology, 31, 423–436. 
https://doi.org/10.1017/S0266467415000255
Ricotta,	C.,	Godefroid,	S.,	Heathfield,	D.,	&	Mazzoleni,	S.	(2013).	Limited	
evidence	 of	 local	 phylogenetic	 clustering	 in	 the	 urban	 flora	 of	
Brussels.	 Plant Biosystems- An International Journal Dealing with all 
Aspects of Plant Biology, 149, 31–37.
Ripple,	W.	 J.,	Estes,	 J.	A.,	Beschta,	R.	L.,	Wilmers,	C.	C.,	Ritchie,	E.	G.,	
Hebble	 white,	 M.,	 …	 Wirsing,	 A.	 J.	 (2014).	 Status	 and	 ecological	
effects	 of	 the	 world’s	 largest	 carnivores.	 Science, 343, 1241484. 
https://doi.org/10.1126/science.1241484
Robinson,	 W.	 D.,	 Brawn,	 J.	 D.,	 &	 Robinson,	 S.	 K.	 (2000).	 Forest	 bird	





versity	and	distribution	patterns	in	Borneo.	Diversity and Distributions, 
15,	523–532.	https://doi.org/10.1111/j.1472-4642.2009.00557.x
Sobral,	M.,	Silvius,	K.	M.,	Overman,	H.,	Oliveira,	L.	F.	B.,	Rabb,	T.	K.,	&	
Fragoso,	 J.	 M.	 V.	 (2017).	 Mammal	 diversity	 influences	 the	 carbon	
cycle	through	trophic	interactions	in	the	Amazon.	Nature Ecology and 
Evolution, 1,	1782.	https://doi.org/10.1038/s41559-017-0376-3
Stevenson,	P.	R.,	Quinones,	M.	J.,	&	Ahumada,	J.	A.	(2000).	Influence	of	
fruit	 availability	 on	 ecological	 overlap	 among	 four	 neotropical	 pri-
mates	at	Tinigua	National	Park,	Colombia.	Biotropica, 32, 533–544. 
https://doi.org/10.1111/j.1744-7429.2000.tb00499.x









Terborgh,	 J.,	 Nunez-Iturri,	 G.,	 Pitman,	 N.	 C.	 A.,	 Cornejo	 Valverde,	 F.	
H.,	 Alvarez,	 P.,	 Swamy,	 V.,	 …	 Paine,	 C.	 E.	 T.	 (2008).	 Tree	 recruit-
ment	 in	 an	 empty	 forest.	 Ecology, 89,	 1757–1768.	 https://doi.
org/10.1890/07-0479.1
Tews,	 J.,	 Brose,	 U.,	 Grimm,	 V.,	 Tielbörger,	 K.,	 Wichmann,	 M.	 C.,	
Schwager,	M.,	&	 Jeltsch,	F.	 (2004).	Animal	 species	diversity	driven	
by	 habitat	 heterogeneity/diversity:	 The	 importance	 of	 key-
stone	 structures.	 Journal of Biogeography, 31,	 79–92.	 https://doi.
org/10.1046/j.0305-0270.2003.00994.x
van	 Roosmalen,	M.	 G.	M.	 (1985).	 Fruits of Guianan flora.	 Utrecht,	 The	
Netherlands:	 Institute	of	Systematic	Botany,	University	of	Utrecht,	
and	Silvicultural	Department	of	Wageningen	Agricultural	University.
Vuilleumier,	B.	S.	 (1971).	Pleistocene	changes	 in	 the	fauna	and	flora	of	
South	 America.	 Science, 173,	 771–780.	 https://doi.org/10.1126/
science.173.3999.771
Wilkie,	D.	S.,	Bennett,	E.	L.,	Peres,	C.	A.,	&	Cunningham,	A.	A.	(2011).	The	




works.	 Trends in Ecology and Evolution, 20,	 402–409.	 https://doi.
org/10.1016/j.tree.2005.04.005
BIOSKE TCH









Additional	 supporting	 information	 may	 be	 found	 online	 in	 the	
Supporting	Information	section	at	the	end	of	the	article.								




Guiana	Shield.	Divers Distrib. 2018;24:1545–1559. https://doi.
org/10.1111/ddi.12790
